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Article Screening
Study eligibility criteria were applied manually through screening of study titles, abstracts and publication metadata to remove articles that were not relevant to the scope of this review (e.g. needlestick injuries, hearing injuries, radiation exposure). Following this process articles were screened against a priori inclusion criteria; these being: a) Study investigated a relationship between one or more direct measures of physical fitness and injury during training, b) study included data on injury or injury risk, c) study followed a tactical population, d) study was peerreviewed, original, primary research, and e) study was published after 1998. Once all included articles had been gathered, they were compared against emerging exclusion criteria; these being a) reported on a training program or other intervention, b) did not report association between a fitness measure and injury, c) assessed medical provider access, irrespective of reason, d) single event follow-up, e) did not follow subjects through a period of training, or f) investigated heat injury.
Quality Assessment
Eligible publications identified through the literature search, screening and selection processes were then critically appraised to assess methodological quality using the Critical Appraisal Skills assessment. The first two questions relate to screening and the following 10 guide reviewers through the assessment of validity, relevance, methodology and result quality. The case-control checklist comprises 11 questions, the first three of which are focused on screening and the following eight questions assess validity, design effectiveness, power, and applicability.
Questions were scored on a binary scale of either '1' for questions that can be answered as 'yes' or '0' for those which are answered 'no' or indeterminate. To ensure validity of score reporting, authors completed CASP analysis separately. Any study with a CASP score varying by more than one point between reviewers was re-assessed by a third party. Questions seven through nine on both the Cohort Study CASP and Case-Control Study CASP were condensed into one item, as they are all closely related, and Questions seven and eight cannot be answered dichotomously. Therefore, Cohort papers were then scored out of 12 possible points and CaseControl papers were scored out of 10 possible points. The results for each study are included in Table 2 .
Data Extraction
Full details of data extracted from each article can also be found in Table 2 Table 2 . However, all findings reported in studies meeting selection criteria were included, regardless of statistical significance.
Meta-Analysis
Studies were selected for meta-analysis based on the following criteria: a) study investigated a timed running event and injury risk, b) data were reported categorically, and c) the total number of injuries in each group were obtainable from published data. A random-effects model was used to account for differences between tactical subpopulations, run lengths and sample sizes. Studies were automatically weighted by sample size and confidence interval precision by 
RESULTS
The results of search, screening, and selection processes are documented in the PRISMA (29) flow diagram ( Figure 1 ). A total of 1199 publications were captured in the initial search. 135
duplicates were removed automatically, and a further 35 duplicates were removed manually.
Of the remaining 1029 articles, 971 did not meet title or abstract relevance based on the initial research question. 58 abstracts were then assessed further based on formal inclusion criteria. The final 58 publications were screened by full text against study exclusion criteria ultimately leaving 27 publications for review.
Critical Appraisal
The mean CASP score was 10.6/12±0.96 (range 9-12) for the cohort studies and 9.5/10±0.7
(range 9-10) for the case-control studies. Of the cohort studies, five studies scored 12/12, eight scored 11/12, eight scored 10/12, and four scored 9/12 (See Table 2 ). Of the case control studies, one scored 10/10 (30), and one study scored 9/10 (22 11 studies included both male and female participants. Eight articles followed males only, (5, 14, 28, 34, 35, 37, 41, 43) five followed females only, (13, 14, 21, 27, 36) and three studies did not report sexes of their participants. (38) (39) (40) Three tactical subpopulations were represented; the largest being military populations, with 24 articles. Two studies followed Australian Police trainees, (38, 39) 
DISCUSSION
The aim of this study was to identify, appraise and synthesize the findings of studies that investigated relationships between initial tactical training fitness assessments and injuries sustained during that training. Twenty-seven studies were included and were generally of high quality due to the observational method of study designs. While some fitness tests were more conclusive than others in predictive ability effectiveness, our results indicate a more fit tactical trainee is less likely to experience injury during initial training.
While aerobic fitness testing methods were highly variable across studies, cross-study agreement was greatest among this test type. Run distances reported were as low as 1km, (21) Muscular fitness tests (pushups, sit-ups, pull-ups and chin-ups) are less clear in their predictive ability; ten studies investigated a pushup test, (5, 10, 11, 16, 22, 30, 33, 34, 44, 45) with an almost even split. Six identified effective predictive ability, (10, 16, 22, 30, 34, 45) and four did not (5, 11, 22, 33, 44) . It is worth noting that three of the studies reporting a significant finding (22, 30, 45) Functional strength tests were effective and reported large differences in risk between highest and lowest performers. (37, 46) However, there is limited data from which a definitive conclusion can be drawn, especially given that isokinetic dynamometer testing was less effective in predicting injuries. While it has been suggested that changes to the variables and methods used to predict injury must change in order for injury screening tools to be effective,(52) the ultimate value of fitness testing in the tactical environment is in the assessment's specificity to the operational or training context it is evaluating. The results of our meta-analysis confirm this notion; because military personnel are often required to perform running, marching and load carriage activities on a regular basis, a test that taxes aerobic capacity and the ability to bear weight over time appears to be sufficient in predicting injury without additional modelling.
Differences in approaches to fitness testing should also be noted. In this review the intent of fitness testing was not to predict occupational performance, but to determine whether trainees were more likely to sustain an injury when training itself was the occupational requirement. As such, once training commences, the approach to fitness testing can, and should differ. The intent of training for tactical organizations is to ensure that training prepares personnel for operational duty in real-world scenarios.
On this basis, conditioning should focus on operational requirements rather than training for a test which, while predictive of survivability of training at the onset, may not best facilitate the training intent highlighted by Orr, et al. (53) where an ankle injury was caused by excessive pushups; a training cadet had performed excessive pushups the night before an obstacle course drill, in order to improve pushup ability for their assessment, and was subsequently too fatigued to properly lower from a 12-foot wall, landing badly and ultimately causing their ankle injury. This phenomenon may be further highlighted in the predictive ability of run times to predict a wide variety of both acute and overuse injuries, not just those of the lower limb. It is likely that those trainees with faster run times experience less metabolic stress during a given training event and are thereby less reliant on their passive structures to accommodate forces experienced during training, and so ultimately are less likely to become injured.
Study Populations
Military initial entry trainees represented the largest subpopulation of tactical personnel in the studies selected for this review and substantial differences existed between their characteristics; national origin, branch of service and subsequent job tasks, and average age and education level serve as examples.
Some, or all, of these factors could have an effect on injury type, incidence, severity and recovery, which may confound our findings. In some of the studies included in this review, (38, 39) organizations required additional privacy measures for study participants, limiting which data could be released publicly in the study manuscripts, further obstructing cross-study comparison. Differences between trainee populations and operational personnel should also be noted; previous research has indicated that personnel undergoing training are more susceptible to injury than their operational peers, (7, 9, 54) and the job tasks required of different professions not only between tactical fields (emergency responders vs. military vs. firefighting) but within a given profession (such as different military assignments) (11, 40) can also affect the nature of injuries sustained. Perhaps more importantly, the end goals of operational and training personnel are fundamentally different; during training the objective is to complete training and operational personnel are required to complete operational tasks. Therefore, the findings of this review may not generalize beyond training populations.
Fitness Testing
Tactical fitness assessments are often required to be field expedient and completed with a minimum of personnel, training and resources, potentially under adverse conditions and must also be cost and time effective, even when large numbers of personnel are evaluated.(55) Given these demands, most fitness tests in this review consisted of easily implemented indirect measures of muscular fitness and metabolic capacity; body-weight exercises (pushups, sit-ups, pull-ups) and timed distance runs, ranging anywhere from 1.1-4.8km. However, these indirect means of assessment were not always consistent in their predicative ability; it is likely that different classifications or qualities of injury may be more or less sensitive to prediction by the above common fitness measures, and differences in test administration (e.g., definition of technique during muscular fitness assessments) may also play a role in the inconsistency of study outcomes. However, the necessary requirement for military personnel, the primary population of this review, to engage in weight bearing activity across distances on a regular basis likely contributes to the substantial agreement in studies investigating a timed, fixed distance running event, (48, 51) 
